in detail elsewhere (M. van Schadewijk-Nieuwstadt, R. van Furth, and C. Cornelisse, submitted for publication). In short, contours of the cells and nuclei were traced on the surface of a graphic tablet interfaced to a MOP-AM 03 minicomputer (Kontron Messgerate GMBH, Munchen, Federal Republic of Germany) by using a cursor with a lightemitting diode visible as a bright red spot in the microscopic image. Before measurements were started, the graphic tablet was calibrated in relation to the combined magnification of the objective and the ocular lenses and the drawing tube. The printed output provided the area of the cytoplasm and nuclei. Measurements were done on 50 cells from each cell suspension.
In studies with peritoneal exudate macrophages, thioglycolate (TG) is often used as an eliciting agent. This stimulus has the advantage of recruiting a large number of cells to the site of inflammation (2-4, 11) but does not increase the microbicidal activity of macrophages and therefore does not activate macrophages (2, 5) . After an intraperitoneal injection of TG, the resistance of mice to infecting microorganisms is decreased (7) , probably due to insufficient bactericidal activity of the elicited macrophages (1, 10, 11) . The question of which mechanism underlies this insufficient defense mechanism has not yet been answered. This paper reports a detailed investigation of the effect of TG on the phagocytosis and intracellular killing of microorganisms by peritoneal macrophages.
MATERIALS AND METHODS TG. Brewer TG (Difco Laboratories, Detroit, Mich.), NIH TG broth (incomplete TG; Difco) with the same formula as Brewer TG except for the omission of agar and methylene blue, and NIH TG broth supplemented with 0.05% (wt/vol) agar and 0.02% (wt/vol) methylene blue (complete TG) were prepared by the directions of the manufacturer. Solutions were stored in the dark for at least 4 weeks before use. Unless otherwise stated, undiluted (i.e., 4% [wt/vol]) solutions were used. Agar (Special Agar [Noble] ; Difco) was prepared as a stock solution of 0.5 mg/ml in phosphate-buffered saline (PBS).
Mice. For these studies, we used specific pathogen-free male Swiss mice (Central Institute for the Breeding of Laboratory Animals, TNO, Bilthoven, The Netherlands) weighing between 25 and 30 g.
Peritoneal cells. Resident peritoneal cells were harvested by lavage of the peritoneal cavity as described elsewhere (8, 9) . Elicited macrophages were similarly obtained at various intervals after an intraperitoneal injection of 1.5 ml of the eliciting agent under investigation. In control experiments mice received an intraperitoneal injection of 1 the cytoplasm and of the nucleus were determined in cytocentrifuge preparations of Brewer TG-elicited peritoneal macrophages. The surface area of elicited macrophages increased up to a maximum at day 4; on day 5, the surface area had returned to a normal value (Fig. 2A) . No differences in the nuclear surface areas of the cells were observed (data not shown). Comparison of the effect of various concentratiolis of Brewer TG on the cytoplasmic area of macrophages 4 days after injection showed a dose-related increase in the surface area of these cells (Fig. 2B) .
Phagocytosis and intracellular killing of S. epidermidis by peritoneal macrophages elicited by TG. Since a maximal number of macrophages was obtained 4 days after injection with Brewer TG and the number of granulocytes was less than 4% of the number of macrophages at day 4, functional assays were performed with TG-elicited macrophages harvested 4 days after injection. Incubation of 5 x 106 peritoneal macrophages obtained from mice injected with PBS, Brewer TG, complete TG, incomplete TG, or agar together with 5 x 106 S. epidermidis cells in the presence of 10% NBCS at 37°C led in all cases to an identical decrease in the number of viable extracellular bacteria (Fig. 3) . These results indicate that injection with TG or agar does not affect the phagocytic capacity of peritoneal macrophages.
Intracellular killing of S. epidermidis determined after incubation of 5 x 106 PBS-elicited macrophages per ml containing bacteria (after 20 min of ingestion of S. epidermidis at a bacteria-to-macrophage ratio of 1:1), in the presence of 10% NBCS, amounted to 82.8% at 60 min and 94.9% at 120 min (Fig. 4) . The killing indices of macrophages elicited with complete TG, incomplete TG, or agar were similar to those for PBS-elicited macrophages (Fig. 4) . However, macrophages elicited with Brewer TG showed an almost complete absence of intracellular killing (Fig. 4) (Table 1) . However, after correction of the phagocytosis index for the rapid growth of extracellular bacteria in the presence of TG, all indices were similar to those obtained in the absence of TG except that of 4% Brewer TG; with the latter concentration, the viability of the macrophages was also reduced ( Table 1) .
Incubatiop of 5 x 106 resident macrophages per ml containing ingested S. epidermidis in the presence of 10% NBCS and 2% Brewer TG showed that TG does not affect intracellular killing of previously ingested bacteria (Table 1) .
To assess any effect of preincubation of macrophages with Brewer TG on functional capacities of these cells, 5 x 106 macrophages per ml suspended in HBSS containing 20% NBCS was incubated with 2% Brewer TG up to 24 h at 37°C at 4 rpm. The results showed a significant reduction in the number and viability of the macrophages after incubation for more than 3 h ( Table 2) . Investigation of the functional state of the viable cells revealed a marked imnpairment of ingestion and intracellular.killing activity ( Table 2 ). In coptrol experimnents in which the cells were incubated without TG, the initial number of macrophages was reduced by 20% after 24 h, and the surviving cells showed normal functional capacities (Table 2) .
DISCUSSION
Brewer TG, a culture medium routinely used in bacteriology, is also used to elicit large numbers of peritoneal macrophages resembling activated macrophages in many respects (2, 5, 11) . The present results show that 4 days after injection of at least 1% Brewer TG, the number of exudate macrophages is maximal, a finding compatible with earlier reports (3, 10) . The time course of the number of macrophages was identical to that observed for the changes in the size of the macrophages. The size of TG-elicited cells on day 4 was almost double that of resident macrophages. On day 5, the number and size of the macrophages had returned to normal.
Comparison of the inflammatory responses after injection of TG of various kinds and of agar showed that Brewer TG and complete TG both induced maximal recruitment of granulocytes by day 1 postinjection; Brewer TG gave the maximal number of macrophages by day 4 and complete TG gave the maximal number by day 3. Since on day 4 all suspensions of TG-elicited macrophages showed minimal contamination by granulocytes, which hamper assay of the functional activities of macrophages, further experiments were performed with cells obtained 4 (7) and describing a decreased in vitro bactericidal action of TG-elicited macrophages (11) . However, because the latter studies were done with methods measuring ingestion and intracellular killing simultaneously, these studies did not indicate which phase of the phagocytic process was affected by TG. An increase in the number of viable bacteria instead of an expected decrease might be due to depressed ingestion, a higher growth rate of the extracellular bacteria, or reduced intracellular killing. The present studies using in vitro assays, in which the growth rate of bacteria without cells, the rate of phagocytosis, and the rate of intracellular killing were measured independently of each other, revealed that a functional defect of Brewer TGelicited macroplhages must be attributed to an impaired killing capacity, since the rate of phagocytosis by these cells equaled that of resident and PBS-elicited macrophages.
The decreased bactericidal activity induced by Brewer TG is in all probability due to the composition of this kind of TG, because incomplete TG (NIH TG), complete TG (NIH TG supplemented with agar and methylene blue), and agar elicit macrophages that kill ingested bacteria as efficiently as resident macrophages do. The observation that agar-elicited macrophages were as active as resident macrophages in the intracellular killing of bacteria disproves an earlier conclusion attributing the decreased functional activities of Brewer TG-elicited macrophages to the agar present in this kind of TG (4, 10, 11) .
